In aerobic static broth cultures grown at 37", salmonellas of genotype Fim( I)+, i.e. bearing type-I (mannose-sensitive, haemagglutinating) fimbriae, formed a surface pellicle consisting of densely packed bacteria shortly after the cessation of logarithmic growth at about 6 hr, and then, during the next 24 hr, underwent a large secondary phase of growth. Salmonellas of genotype Fim(a)+, i.e. bearing type-2 (non-haemagglutinating) fimbriae, and most Fim-(non-fimbriate) salmonellas did not form a pellicle and gave only slight post-logarithmic growth; after 24-72 hr the amount of their growth, i.e. bacterial concentration estimated turbidimetrically, was only one-third to one-half that of comparable type-1 fimbriate bacteria. Fimstrains of Salmonella typhimurium differed from most other Fim-salmonellas by forming a pellicle and undergoing an associated secondary phase of growth, but they gave these effects 24-48 hr later than did the Fim( I)+ strains. A pellicle was not formed by any organism either in static cultures incubated anaerobically or in cultures aerated by continuous shaking, and in these two sets of conditions the course and amount of growth were the same for the Fim(1)f as for the Fim-bacteria. It is concluded that the large secondary phase of growth shown by the Fim(I)+ bacteria in aerobic static broth results from the free availability of atmospheric oxygen to the bacteria growing in the pellicle.
INTRODUCTION
There is still no definite knowledge of the function of type-1 fimbriae, the small numerous filamentous appendages of bacteria which were first distinguished from flagella and capsular material by Houwink & van Iterson (1950) . These authors suggested that fimbriae serve as organs of adhesion, and the presence of adhesive Fimbriation and level of growth 3
METHODS
Organisms. The strains used in the main experiments are listed in Table I . Those of Salmonella typhimurium included 4 wild-type Fim( I)+ strains, 7 wild-type Fim-strains, and 5 Fim( I)+ strains that had been derived from 5 of the Fim-strains by transduction with phage. (As shown in Table I , the ' wild-type' strains ~~4 9 7 , sw 573 and ~~2 7 2
were variants that differed from parental wild-type strains in characters other than fimbriation.) Transduction of the Fim(I)+ character was done by mixing the Fimacceptor culture with a lysate of phage P22 propagated on one of the Fim(I)+ strains, sw 375 and ~~4 9 7 ;
the Fim(I)+ transductants were selected by serial subculture for 48 hr periods in aerobic static broth. Phage-types were determined by Dr E. S. Anderson according to the scheme of Callow (I 959). Single wild-type Fim( I)+ and Fim-strains of Salmonella choleraesuis were examined, also 3 strains of S. paratyphi B : a wild-type Fim(~)+ strain, a wild-type Fim(a)+ strain and a Fim(I)+ transductant derived from the Fim(2)f strain. Less detailed observations were made with many other salmonellas selected from the series of Duguid et al. (1966) .
Culture media. Nutrient broth contained : Oxoid bacteriological peptone, I g. ; Oxoid Lab-Lemco meat extract, I g. ; NaC1,0-5 g. ; water, IOO ml. Phosphate-buffered broth, used for cultures with sugars, was nutrient broth buffered at pH 7.0 by the addition of KH2P04, 0.35 g., and Na,HPO,, 0.65 g., per IOO ml.
Incubation. This was at 37" and three methods were used: (I) Aerobic static cultures were grownin 10 ml. volumes of brothin cottonwool-stoppered test-tubes (15 x 13 cm.) incubated in air, without movement or disturbance. (2) Anaerobic static cultures were grown in 10 ml. volumes of broth in similar tubes incubated without movement in a McIntosh & Fildes anaerobic jar filled with hydrogen. (3) Aerobic shaken cultures were grown in 40 ml. volumes of broth in I 1. bottles which were incubated in a machine that continuously rotated them at 20 rev./min. around their long axis, held horizontally.
Examination for pellicle. The pellicle on the surface of the broth was often thick enough to be easily seen when the undisturbed tube of culture was viewed from the side or from above. Sometimes, however, particularly in the early stages of growth, it was so thin and transparent as to be invisible under these conditions of viewing. Routinely, therefore, the tubes were viewed from the side while they were gently shaken in such a way as to cause any pellicle present to float a little way up the wall of the tube, where it became clearly visible.
Measurement of amount of growth. This was done turbidimetrically either with a Spekker absorptiometer or, at 530 mp, with a Unicam spectrophotometer. Dense cultures were first diluted with sterile broth to give a reading of less than 0.4 and the reading obtained was multiplied by the dilution factor to give the value for the undiluted culture. In all strains examined in cultures over 6 hr old, a turbidity value of 1.0 was equivalent to about 109 bacteria/ml.
Haemagglutination tests. The presence and abundance of type-I fimbriate bacteria in a culture was estimated by the presence and strength of haemagglutinating activity. A drop of dense bacterial deposit obtained by centrifugation of the broth culture was mixed for 10 min. with a drop of a 3 yo (v/v) suspension of washed guinea-pig red blood cells (Duguid et al. 1955) . A test was also made with a drop of uncentrifuged broth culture, or of deposited bacteria resuspended in saline to the original concentration of the culture. When a positive reaction was obtained with this reduced concentration of bacteria, it was concluded that the culture was richly fimbriate.
Experimental procedure. Each culture was inoculated with about 10' bacteria taken either from a colony grown for 24 hr on nutrient agar, or after it had been thoroughly mixed, from an aerobic static broth culture grown for 24 or 48 hr. All strains, except Salmonella choleraesuis strain NCTC 5738, gave hbriate-phase cultures in aerobic static broth whichever of these types of inoculum was used. Strain ~~~~5 7 3 8 gave a non-fimbriate-phase culture when the inoculum was from agar. Fim+ and Fimstrains were cultured in parallel, each strain by each of the three methods of incubation. Fimbriation and level of growth 5 For each method of incubation, a series of tubes or bottles of broth were given equal inocula. After incubation of the series for each different interval of time, a different tube, or bottle, was taken from the incubator and examined for pellicle. The culture was then homogenized by mixing with a pipette until any pellicle or deposit was completely dispersed. The organisms were killed by the addition of 0.25% (v/v) formaldehyde and the amount of growth was measured turbidimetrically. Finally, the culture was centrifuged and tested for haemagglutinating activity.
RESULTS

Pellicle formation in aerobic static broth
Examinations for pellicle formation in aerobic static broth were made at intervals during growth for 96 hr at 37" on the series of salmonellas in 149 serotypes studied for fimbriation by Duguid et al. (1966) . The results for the majority of strains in representative serotypes are summarized in Table 2 . All the Fim(~)+ strains, except for a few The pellicle in Fim(I)+ cultures appeared at a slightly earlier stage (6-8 hr) when the inoculum was from a 24 hr or 48 hr broth culture containing mainly, e.g. over 50%, fimbriate-phase bacteria than when it was from an agar-grown colony containing mainly non-fimbriate-phase bacteria (usually 8-1 2 hr). Most Fim( I)+ salmonellas change rapidly from the non-fimbriate to the fimbriate phase when cultured in aerobic static broth, and this appears to be the reason why non-fimbriate-phase inocula usually produced a pellicle in 8-12 hr. A few Fim(I)+ strains, however, were exceptionally slow in changing to the fimbriate phase and in forming a pellicle in cultures inoculated from agar; e.g. S. typhimurium strain L T~ showed a pellicle usually only after 12-24 hr. in such conditions and S. choleraesuis ~~~~5 7 3 8 did so only after 48-96 hr. A visible pellicle was not formed by any organism in static broth cultures incubated under completely anaerobic conditions.
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Amount of growth related to Jimbriation and pellicle formation
Growth curves for each of the three conditions of incubation were determined for several representative Fim(I)+, Fim(z)+ and Fim-strains. The amount of growth (bacterial concentration) was measured turbidimetrically after the culture had been homogenized, and since this procedure involved the dispersion of pellicle, the observation at each succeeding interval of time was made on a different, replicate, culture which had been incubated undisturbed until the time of examination. Experiments with typical findings are illustrated in the figures. During the logarithmic phase of growth, which was completed in the first 6 hr, the rate of growth was practically the same for Fim(I)+, Fim(a)+ and Fim-organisms and for each of the different methods of incubation: aerobic shaken, aerobic static and anaerobic static. Thereafter, the growth curves of the cultures differed with the method of incubation and also, in the case of the aerobic static cultures, with the organism's state of fimbriation.
In anaerobic static and aerobic shaken cultures the growth curves of the Fim(I)+ organisms were almost identical with those of the Fim-ones. The amount of growth reached its maximum value by about 8 hr, after which it remained nearly constant. The maximum value, as turbidity reading, in the anaerobic cultures was usually between 0.25 and 0.3 (i.e. 0.25-0.3 x 109 bacteria/ml.), whereas that in the aerobic shaken cultures was much higher, usually between 4.0 and 8.0. The reason why the bacteria gave about 20-fold greater growth under aerobic shaken than under anaerobic conditions was probably that they were able to obtain proportionately this much more energy by the oxidation than by the fermentation of the nutrient substrates in the broth.
Fimbriation and level of growth 7
In aerobic static cultures the end of the logarithmic phase of growth at about 6 hr was followed by a marked slowing, or pause, in growth that lasted for a period of at least 1-2 hr. In this period the turbidity value was usually about 0.3, only a little higher than the value in the anaerobic cultures, and it may therefore be concluded that the check to growth was due to exhaustion of the dissolved oxygen and fermentable substrates in the broth. Thereafter, at some time between 6 and 12 hr, the Fim(~)+ cultures formed a pellicle and entered on a marked and prolonged phase of renewed The inocula were from broth cultures grown for 48 hr after they had been inoculated from a preceding 48 hr broth culture; that of strain ~~~~5 7 3 8 was strongly haemagglutinating and in the fimbriate phase. P shows the time at which a pellicle first became visible in the aerobic static cultures.
growth. Their turbidity values increased and commonly reached about 1.0 at 24 hr, 1-5 at 48 hr and 2.0 at 96 hr. In contrast, the cultures of most of the Fim-salmonellas did not form pellicles. They showed much slower and less extensive post-logarithmic growth than the Fim(I)+ cultures, and their turbidity values reached only about 0.4 at 24 hr and about 0.8 at 48-96 hr. Thus, throughout the period 24-96 hr their bacterial concentration was only about half as great as that in the cultures of comparable type-I fimbriate bacteria. Pellicle-forming Fim-Salmonella typhimurium. Motile Fim-strains of S. typhimurium differed from most other Fim-salmonellas by forming a pellicle in aerobic static broth cultures. The pellicle usually appeared at between 24 and 72 hr, i.e. much later than in Fim(I)+cultures, and its appearance was followed by a phase of renewed growth. The turbidity value in the Fim-cultures was only about half that in the com-
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parable Fim(~)+ cultures during the period 24-48 hr, but after the formation of the pellicle it increased more rapidly and by 96 hr it approached the value in the Fim(I)+ cultures (Fig. 2) .
Non-Jmbriate-phase inocula. Most Fim( I)+ salmonellas rapidly become converted into the fimbriate phase when they are cultured in aerobic static broth from an inoculum consisting of agar-grown bacteria most of which are in the non-fimbriate phase. They are thus able to form a pellicle as early as 8-12 hr and then begin a phase of secondary growth. This behaviour is exemplified in the growth curve of the Fim( I)+ strain of Salmonella typhimurium shown in Fig. 2 . The Fim(~)+ inocula in this experiment were taken from a suspension made from a single colony on a 24 hr agar culture that showed only weak haemagglutinating activity. Nevertheless, the aerobic static cultures grown from these inocula formed a pellicle at about 8 hr and became strongly haemagglutinating within 48 hr. The anaerobic static and aerobic shaken cultures grown from the same inocula remained mainly in the non-fimbriate phase and were still only weakly haemagglutinating after 48 and 96 hr. A few Fim(I)+ salmonellas are slower than the majority in changing into the hbriate phase when cultured in aerobic static broth. Strain NCTC5738 of Salmonella choleraesuis is outstanding in this respect. When subcultured serially on agar it gives growths that are entirely non-fimbriate and non-haemagglutinating, and when, from a non-fimbriate inoculum, it is subcultured either serially or for a long period in aerobic static broth, it becomes richly fimbriate and strongly haemagglutinating. The inocula Fimbriation and level of growth 9 of this strain that were used in the experiment shown in Fig. I were taken from a fimbriate-phase broth culture; for this reason a pellicle was formed and secondary growth started at an early stage (8 hr) in the aerobic static cultures. In a parallel experiment, which is not illustrated, the inocula consisted of non-fimbriate-phase bacteria from a colony grown on agar for 24 hr. The aerobic static cultures grown from these inocula became detectably fimbriate and formed a pellicle only after about 48 hr. Their post-logarithmic growth was slow and delayed as compared with that in cultures inoculated with fimbriate-phase bacteria, but eventually, in 96 hr, they attained a bacterial concentration as high as that in the fimbriate-inoculated cultures. Fim(2)+ bacteria. The importance of the haemagglutinating property of the fimbriae for pellicle formation and secondary growth was demonstrated in an experiment comparing the growth curve of an organism bearing haemagglutinating (type-I) fimbriae with that of a related organism bearing non-haemagglutinating (type-2) fimbriae. The Fim(z)+ organism was strain NCTC 5707 of Salmonella paratyphi B and the Fim( I)+ -. .
-. -I
A -organism was a haemagglutinating variant derived from NCTC 5707 by phage transduction. Aerobic static broth cultures were grown from fimbriate-phase inocula taken from a 24 hr broth culture, and their growth curves are shown in Fig. 3 . The parent strain with type-2 fimbriae behaved like a non-fimbriate organism : it neither formed a pellicle nor gave a marked post-logarithmic phase of growth, and it attained only a moderate bacterial concentration (turbidity 0.55) after 96 hr. In contrast, the transductant with type-1 fimbriae formed a pellicle at 8 hr, gave a large secondary phase of growth and attained a final bacterial concentration that was more than twice as great (turbidity I -3).
I 0
D. C. OLD AND OTHERS
Efect of D-mannose and a-methylmannoside on pellicle formation and growth Pellicle formation and secondary growth by Fim(~)+ organisms in aerobic static broth was prevented or much delayed by the addition to the broth of either D-mannose or a-methylmannoside (methyl-a-D-mannose), substances exceptional among sugars in having a powerful inhibitory effect on the haemagglutinating activity of Fim(~)+ bacteria (Duguid & Gillies, 1957) . Cultures of the Fim(I)+ strain L T~ of Salmonella typhimurium were grown under aerobic static conditions at 37" in tubes of 10 ml. broth containing 0.2 % (w/v) of one of these haemagglutination-inhibiting sugars. Control cultures were grown in broths containing 0.2% (w/v) of one of the non-haemagglutination-inhibiting sugars, D-glucose and L-sorbose, and in broth without added sugar. The broth was buffered at pH 7-0 by the addition of phosphate (KH2P04, 0-35 g, Na,HPO,, 0.65 g., per IOO ml.) because Duguid et al. (1966) had found that salmonella cultures grown in unbuffered broth containing I % (w/v) glucose became highly acid (PH 402-5-0) and that the acid reaction inhibited the development of fimbriae. In our cultures of strain L T~ grown in phosphate-buffered broth containing 0.2 % glucose the pH value did not fall below 6.0 and fimbriae were well developed. The tubes of broth were each inoculated with about 3 x 1 0 ' bacteria from a 24 hr fimbriate-phase culture grown in sugar-free broth; this latter broth had itself been inoculated from a 48 hr broth subculture from a colony on agar. Table 3 shows the results of an experiment with the wild-type strain L T~, an organism that ferments and utilizes D-glucose and D-mannose, but not L-sorbose or a-methylmannoside. The results for the cultures in the broths containing the non-haemagglutination-inhibiting sugars, glucose and sorbose, were similar to those for the cultures in the broth without added sugar. Pellicles were formed in all three media in about 6 hr and an extensive phase of secondary growth took place during the subsequent 24 hr. Strong haemagglutinating activity, indicating rich fimbriation, was present after I 2 hr. In the first 8 hr, growth was rather faster in the glucose broth than in the sorbose and plain broths, probably because the glucose was utilized for the production of energy.
Cultures with mannose. The course of growth in mannose broth was similar to that in glucose broth, except that pellicle formation was delayed by about 2-3 hr and postlogarithmic growth was rather slower. The fact that pellicle formation was not delayed to a much later time than 8 hr is explained by the finding that the mannose was rapidly utilized and removed from the medium. Each culture was tested for residual mannose by examining a drop of centrifuged culture supernatant fluid for the ability to inhibit haemagglutination when added to a drop of red blood cells mixed with fimbriate bacteria. Inhibitory activity was not detected in the cultures that had been grown for 12 hr or longer, and it is concluded that the mannose content of these cultures had been decreased to less than 0.001 % (w/v), which is the minimum haemagglutinationinhibiting concentration. The reason why a pellicle was formed at 8 hr, about 4 hr before the time of exhaustion of the mannose from the broth as a whole, may have been that mannose was exhausted earlier from the surface layer of the broth where bacteria were concentrated by aerotaxis.
Cultures with a-methylmannoside. A much more prolonged inhibition of pellicle formation was observed with a-methylmannoside. This sugar was not utilized by strain LT 2, and haemagglutination-inhibitory activity was still detected in cultures -, denotes the absence of haemagglutination-inhibitory concentracentration of the bacteria that were inoculated into the 10 ml. volume of medium.
tions of mannose or a-methylmannoside in the broth, i.e. utilization of the sugar is complete.
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that had been incubated for 6 days. A pellicle did not appear in any of these cultures during the first 30 hr, so that pellicle formation was delayed by at least 24 hr beyond the time of its occurrence in the control cultures (6 hr). A pellicle did appear after 48 hr, despite the continuing presence of the a-methylmannoside. This late formation of a pellicle was probably due, not to an eventual failure of inhibition of the pellicleforming action of the fimbriae, but to the kind of process that is responsible for the formation of a pellicle by non-fimbriate strains of Salmonella typhimurium when incubation is continued for as long as 48 hr. The delay in pellicle formation until later than 30 hr in the cultures with a-methylmannoside was associated with a corresponding delay in the onset of the phase of secondary growth. Thus, the turbidity value increased only slightly between 6 hr, when it was 0.23, and 30 hr, when it was 0.38. This increase of less than twofold is to be compared with the eight-fold increase, from 0.21 at 6 hr to 1-62 at 30 hr, in the control cultures without added sugar. Since growth during the first 6 hr of incubation was just as rapid in the cultures with a-methylmannoside as in those without it, it may be concluded that a-methylmannoside was not toxic to the bacteria, or inhibitory to growth in any way other than through its effect on pellicle formation.
Haemagglutination tests made with bacteria separated from the cultures by centrifugation and washed twice in saline to free them from the sugar showed that the cultures were poorly fimbriated during the first 24 hr of growth and moderately richly fimbriated after 48-96 hr. It is seen, therefore, that the effect of the a-methylmannoside was to inhibit the pellicle-forming activity of the fimbriate bacteria, and not to inhibit the development of fimbriae. The degree of fimbriation was certainly rather poorer in the cultures with a-methylmannoside than in the control cultures, and the reason for this difference was probably the absence of selective growth of fimbriate-phase bacteria in an early forming pellicle.
Non-mannose-fermen t ing mu tan ts
A clear demonstration of the pellicle-inhibiting effect of D-mannose itself was obtained in experiments with two non-mannose-fermenting mutant strains, SL 103 I M and S L~~O .
The growth curves of strain S L I O~I M in plain broth and broths with glucose, sorbose, mannose and a-methylmannoside are shown in Fig. 4 . Like its parent strain, L T~, strain SL 1031 M formed a pellicle at 6 hr when grown in plain broth, glucose broth or sorbose broth. Glucose was not fermented by this mutant during the first 30 hr of culture, and cultures in all three media showed a similar secondary phase of growth during the 24 hr following pellicle formation. After 30 hr the utilization of glucose led to greater amounts of growth being obtained in the glucose broth than in the other media.
Pellicle formation by strain SL 1031 M was delayed until after 30 hr both in the broth with mannose and in that with a-methylmannoside. As can be seen in Fig. 4 , the absence of early pellicle formation in these media was associated with the absence of a phase of secondary growth in the period 6-30 hr. In this period the bacterial concentrations were much less than those in the plain, glucose and sorbose broths. When pellicles were eventually formed at about 48 hr in the mannose and a-methylmannoside broths, a late secondary phase of growth took place. Tests for the presence of haemagglutination-inhibitory activity in supernatant fluids of the cultures showed that a-methylmannoside was still present after 96 hr and that mannose was still present after Mutant SL y o . Experimentswith the other non-mannose-fermenting strain, S L~~O , gave generally similar results. The presence of mannose prevented the formation of a pellicle and the onset of secondary growth during the first 72 hr of culture. Bacteria centrifuged from the non-pelliculate 72 hr culture and washed free from residual mannose had moderately strong haemagglutinating activity. The early formation of a pellicle by this strain was not prevented by the addition to broth of 092% (w/v) of arabinose, galactose, glucose, lactose, maltose or xylose. The inocula were from a hbriate-phase broth culture grown for 24 hr after inoculation from a 48 hr broth culture.
PI shows the time when a pellicle was first seen in the plain, sorbose and glucose broths; PB shows that in the mannose and a-methylmannoside broths.
DISCUSSION
Our experiments show that the presence of haemagglutinating type-1 fimbriae in motile salmonellas has a similar effect in promoting rapid surface pellicle formation and marked post-logarithmic growth in aerobic static broth as it has in non-motile shigellas (Duguid & Wilkinson, 1961) . The role of type-1 fimbriae in promoting pellicle formation at an early stage, i.e. within the first 12 hr, of culture is indicated by the
I 4 D. C. OLD AND OTHERS
finding that early pellicle formation took place in all fimbriate-phase cultures of Fim( I)+ organisms, but not in any culture of a Fim(z)+ or Fim-organism. The formation of a pellicle at a later stage, i.e. at between 18 and 96 hr, by most cultures of Fimstrains of Salmonella typhimurium must be due to a different and non-fimbrial property that is present in Fim-S. typhimurium but not in other Fim-salmonellas, which do not form a pellicle at any stage.
The fimbrial pellicle usually appeared 2-4 hr earlier in the cultures of motile Fim( I)+ salmonellas than in those of non-motile Fim( I)+ shigellas. Motility, therefore, seems to accelerate, rather than hinder pellicle formation. Possibly the acceleration is the result of the motile fimbriate bacteria gathering rapidly at the surface of the broth by aerotactic migration. Non-pellicle-forming cultures of highly motile Fim-salmonellas did not give marked post-logarithmic growth ; e.g. non-pellicle-forming cultures of the motile Fim-strain ~~2 7 2 of Salmonella typhimurium did not give significantly greater amounts of growth in 24-96 hr than non-pellicle-forming cultures of this strain's nonmotile variants, sw 573 and sw 578. Apparently, the aerotactic migration of bacteria towards the broth surface is not, by itself, nearly as effective a means of procuring the access of large numbers of bacteria to atmospheric oxygen as is the growth of the bacteria in a surface pellicle.
The finding that the growth of non-pellicle-forming cultures in aerobic static broth was checked, at about 6 hr, at a bacterial concentration only a little higher than in anaerobic cultures, and then increased only slowly and slightly during further incubation up to 96 hr, suggests that the limitation of growth in these cultures was due to the exhaustion of substrates capable of yielding energy by fermentation and that the production of energy by oxidation of non-fermentable substrates was severely limited by the small amount of oxygen dissolved in the broth. This explanation is supported by the observation that primary growth proceeded unchecked to a tenfold higher value in the cultures that were efficiently aerated by continuous shaking.
Pellicle formation in aerobic static cultures was associated with a subsequent phase of renewed growth great enough to raise the bacterial concentration to a value approaching that in the aerobic shaken cultures. This marked post-logarithmic growth took place in the period 24-48 hr after the formation of the pellicle; it did not occur in the non-pellicle-forming cultures. The association of post-logarithmic growth with pellicle formation, and the finding that relatively little post-logarithmic growth took place in the aerobic static cultures of fimbriate bacteria in which pellicle formation was prevented by the addition of mannose or a-methylmannoside, are strong evidence that pellicle formation was responsible for the renewal of growth in the post-logarithmic period. The effect of the pellicle is presumably due to its numerous contained bacteria having free use of atmospheric oxygen for the production of energy from non-fermentable substrates in the broth. The absence of pellicle formation and post-logarithmic growth in anaerobically incubated cultures agrees with this explanation.
Two observations suggest that the property of type-1 fimbriae which confers their mannose-sensitive adhesiveness and haemagglutinating activity is also the property which promotes pellicle formation. One is that salmonella organisms with nonhaemagglutinating type-2 fimbriae do not form a pellicle. The other is that the addition to broth of mannose or a-methylmannoside prevents or delays the formation of a pellicle by organisms with haemagglutinating type-1 fimbriae. Since, out of the series of sugars tested, only mannose and a-methylmannoside inhibited pellicle formation Fimbriation and level of growth 15 by Fim( I)+ bacteria and since only these two sugars inhibit haemagglutination by such bacteria (Duguid & Gillies, 1g57) , it seems that the same specific mechanism is involved in the inhibition of pellicle formation as in the inhibition of haemagglutination. The nature of this mechanism is unknown. Duguid & Gillies found that mannose did not become firmly bound to, or produce an irreversible change in, either the fimbriate bacteria or the red blood cells. When the mannose was removed from the bacteria or from the red cells, by centrifugation and washing, the bacteria regained strong haemagglutinating activity and the red cells regained full agglutinability. Because of this reversibility of the effect, it could not be determined whether the action of the mannose was primarily on the bacteria or on the red cells. Our finding that mannose inhibits pellicle formation by fimbriate bacteria shows that the sugar does have some direct action on the bacteria. Possibly it absorbs reversibly to specific receptor sites on the type-1 fimbriae and thereby alters the surface properties of the fimbriae so that they cannot adhere to red cells or promote pellicle formation. How the mannose-sensitive haemagglutinating factor brings about pellicle formation is unknown. Conceivably it does this either by rendering the bacteria hydrophobic and liable to float on the surface of the broth or by causing bacteria already on the surface of the broth to adhere to one another.
There is no clear evidence that fimbriae of types other than type I have the property of promoting pellicle formation. Fim(3)+ strains of Klebsiella aerogenes, i.e. strains bearing only type-3 fimbriae with mannose-resistant adhesive properties, have been found to form pellicles after culture for 12-72 hr (Duguid, 1959) . Type-3 h b r i a e do not occur in salmonellas (Duguid et al. 1966) . Type-F fimbriae (F pili) (Crawford & Gesteland, 1964; Brinton, Gemski &Carnahan, 1964) , which are thought to be organs of bacterial conjugation, were not seen with the electron microscope in any of our Fimsalmonellae. Since we did not use F-specific phage, we would not have recognized the presence of these scanty F fimbriae in our Fim(I)+ and Fim(z)+ organisms; but it seems unlikely that any were present because factor F is rarely found in salmonellas.
Our results agree with the possibility that saprophytic bacteria which live in stagnant, poorly oxygenated waters containing oxidizable nutrients may benefit from the function of fimbriae in promoting pellicle formation and access to atmospheric oxygen. In the laboratory, the effect of fimbriae in promoting pellicle formation and post-logarithmic growth is important in two experimental procedures. It is probably responsible for the success of the methods of prolonged and serial broth culture in obtaining selective outgrowth of fimbrate-phase bacteria from a non-fimbriate-phase inoculum (Duguid & Gillies, 1957) . It is probably also responsible for the success of thesemethods in obtaining the selective outgrowth of rare Fim( I)+ transductant bacteria from mixtures of Fim-bacteria with phage propagated on Fim(I)+ donor bacteria. Indeed, in observations made with mixed cultures of distinctively marked Fim( I)+ and Fimstrains of Salmonella typhimurium we have obtained direct proof that the conditions of culture in aerobic static broth are highly selective for fimbriate bacteria. The cultures were grown from mixed inocula consisting of a small number (about 10) of bacteria of the rhamnose-fermenting Fim(I)+ strain s206 and a large number (about I O~) of bacteria of the non-rhamnose-fermenting Fim-strain ~7 4 7 1 . After aerobic static incubation for 48 hr, the Fim(I)+ bacteria comprised 1~2 0 % of the total bacterial population; the extent of their multiplication was about one million times greater than that of the Fim-bacteria. They showed little or no outgrowth in mixed cultures grown
